Abstract: There are still many details of how intestinal immunity is regulated that remain unsolved in teleost. Although leukocytes are present all along the digestive tract, most immunological studies have focused on the posterior segments and the importance of each gut segment in terms of immunity has barely been addressed. In the current work, we have studied the regulation of several immune genes along five segments of the rainbow trout (Oncorhynchys mykiss) digestive tract, comparing the effects observed in response to an infectious pancreatic necrosis virus (IPNV) infection to those elicited by oral vaccination with a plasmid coding for viral VP2. We have focused on the regulation of several mucosal chemokines, chemokine receptors, the major histocompatibility complex II (MHC-II) and tumor necrosis factor a (TNF-a). Furthermore, the recruitment of IgM+ cells and CD3+ cells was evaluated along the different segments in response to IPNV by immunohistochemical techniques. Our results provide evidences that there is a differential regulation of these immune genes in response to both stimuli along the gut segments. Along with this chemokine and chemokine receptor induction, IPNV provoked a mobilization of IgM+ and IgT+ cells to the foregut and pyloric caeca region, and CD3+ cells to the pyloric caeca and midgut/ hindgut regions. Our results will contribute to a better understanding of how mucosal immunity is orchestrated in the different gut segments of teleost. 
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Introduction 54

IPNV DNA vaccine 127 128
The DNA vaccine (pcDNA-VP2) was prepared as described previously (de Las 129 Heras et al., 2008) , by inserting the IPNV-VP2 gene into the pcDNA.3.1/V5/His-TOPO 130 expression vector (Invitrogen, USA). The empty re-ligated plasmid was used as a 131 control (pcDNA). The pcDNA-VP2 and pcDNA plasmids were coated with alginate, 132 preparing the microspheres as previously described (de las Heras et al., 2010) . 133 134
Virus propagation 135 136
The IPNV Sp strain obtained from the ATCC (ATCC VR 1318) was propagated 137 in the BF-2 cell line from bluegill fry (Lepomis macrochirus, ATCC-CCL 91) with 138
Leibovitz's medium (L15, Gibco, Spain) supplemented with 100 IU/ml penicillin G, 139 100 µg/ml streptomycin, 2 mM L-glutamine and 2% fetal bovine serum (FBS, Gibco, 140 Spain) at 20°C. Supernatants from IPNV infected BF-2 cell monolayers were clarified by 141 centrifugation at 1000 x g for 20 min after cytophatic effect was extensive. Clarified 142 supernatants were used for the experiments. Viral titration was performed in 96 well 143 culture plates. The infective titers were determined as the 50% infective dose in tissue 144 culture (TCID 50/ ml) according to the method described by Reed and Muench (Reed and In order to compare the mucosal immune regulation elicited by IPNV infection 150 with that provoked by oral DNA IPNV vaccination in the different segments of the 151 digestive tract, rainbow trout were either orally vaccinated with alginate-coated 152 pcDNA-VP2 or infected with IPNV by immersion in parallel experiments using 153 corresponding control groups. 154
For the immunization, trout were divided into two different groups. One group 155 was orally vaccinated with 10 µl of the vaccine microsphere suspension containing 10 156 µg of pcDNA-VP2, while a second group received 10 µg of the pDNA empty plasmid 157 diluted in 10 µl of a microsphere suspension. Vaccination was performed with an 158 automatic pipette with a 20 µl tip which was introduced into the mouth of each trout, 159 supporting the tip end at the entrance of the digestive tract. For the IPNV bath infection, 160 rainbow trout were transferred to 2 l of a viral solution containing IPNV Sp strain 161 (5x10 5 TCID 50 /ml). After 1 h of viral adsorption with strong aeration at 15ºC, each 162 experimental group was transferred to an individual water tank. Mock-infected groups 163 were also transferred to 2 l tanks containing an equivalent amount of non-infected 164 culture media. After 1 h of strong aeration, they were also moved to their corresponding 165 tanks. The water-quality parameters were maintained at optimal levels and equal in all 166 tanks. 167
In a preliminary experiment using this set-up, four fish infected with IPNV and 168 four fish vaccinated with pcDNA-VP2 were euthanized with an overdose of MS-222 at 169 days 1, 3 and 7 post-treatment and the esophagus, stomach, pyloric caeca, midgut and 170 hindgut removed as described before (Ballesteros et al., 2013) and placed in Trizol 171 reagent (Invitrogen) for posterior RNA extraction. In this preliminary experiment, 172 unhandled fish sampled at day 0 were used as controls. This experiment was used to 173 determine that 7 days was the time point at which most chemokine genes weremodulated in response to the different stimuli. Thus, the experiment was repeated once 175 more sampling six fish from each of the experimental groups previously described at 176 day 7 post-stimulation. In the case of the IPNV-infected and the mock-infected control 177 groups, four additional trout were sampled for immunohistochemistry. 178 179
Gene expression analysis 180 181
Total RNA was isolated from these tissues using Trizol® reagent (Invitrogen) 182 according to manufacturer's instructions. Five µg of RNA were used to obtain cDNA in 183 each sample using the Super Script™ II kit (Invitrogen) and oligo (dT) [12] [13] [14] [15] [16] [17] [18] (25 pmol/μl) 184 following manufacturer´s instructions. The resulting cDNA was diluted and stored at -185
20ºC. 186
Real-time PCR amplification was carried out in an iCycler iQ Real-Time PCR 187
Detection System (Bio-Rad, Spain). The analysis of the immune genes was performed 188 using Quantimix Easy Master Mix (Biotools, Spain) as described previously 189 (Ballesteros et al., 2012a; Ballesteros et al., 2012b) . All the primers used are shown in 190 Table 1 and had already been optimized in previous studies (Dixon et al., 2013; 191 Montero et al., 2011; Zou et al., 2002) . The thermal profile used was 10 min at 95°C, 192 followed by 40 amplification cycles (30 s at 95°C and 1 min at 60°C) and a dissociation 193 cycle (30 s at 95°C, 1 min 60°C and 30 s at 95°C). After the run, the melting curve of 194 each amplicon was examined to determine the specificity of the amplification. 
IPNV replication along the digestive tract 262 263
In a previous study, we had established that after oral vaccination with an IPNV 264 DNA vaccine, VP2 transcription could be detected all along the trout digestive tract 265 (Ballesteros et al., 2013) . To verify, whether IPNV is also capable of replicating in all 266 the different gut segments after a bath infection, we studied VP2 transcription through 267 real time PCR in the samples obtained from the IPNV-infected group. VP2 transcription 268 was detected along all the gut segments from day 1 to day 7 post-infection ( Fig. 1) . At 269 day 1 post-infection, the VP2 mRNA levels were higher in the esophagus in comparisonto the other segments. The levels of VP2 transcription peaked at day 3, to decrease 271 again at day 7. At both of these time points, however, no differences were observed in 272 VP2 mRNA levels among the different segments. 273 274
Modulation of mucosal chemokines in the different gut segments 275 276
The main aim of our study was to compare the immune response elicited by 277 IPNV bath infection in the different gut segments to that observed in response to oral 278 DNA vaccination. As a preliminary step, we performed an experiment, in which four 279 fish per group were sampled at different time points in the IPNV-infected and the 280 pcDNA-VP2-vaccinated groups and CK9, CK10, CK11, CK12 and CCR7 mRNA 281 levels studied in comparison to the levels observed in unhandled fish before treatment. 282
Once the transcription of these genes was determined in the different segments 283 (Supplemental Fig. 1 ), we established that 7 days post-stimulation was the adequate 284 time point to study these responses in both the infected and the vaccinated groups, 285 because it was at this time point when most of the significant gene modulations were 286 observed in all segments. Therefore, the experiment was repeated and six fish per group 287 were sampled in all experimental groups at day 7 post-stimulation exclusively. 288
Firstly, we studied the transcription of CK9, CK10, CK11 and CK12 289 chemokines. The essential role that these four chemokines play in mucosal responses 290 (gills and skin) has been previously demonstrated using a VHSV bath infection model 291 (Montero et al., 2011 ). In the current work, in response to IPNV, CK9 transcription was 292 up-regulated in all gut segments, although differences were only significant in 293 esophagus, stomach, midgut and hindgut ( Fig. 2A) . The VP2 vaccine also produced anup-regulation of CK9 transcription in the esophagus, the stomach and hindgut, but not 295 in the midgut ( Fig. 2A) . On the other hand, pcDNA-VP2 significantly down-modulated 296 CK9 transcription in the pyloric caeca ( Fig. 2A) . In the case of CK10, IPNV 297 significantly up-regulated the chemokine mRNA levels in the esophagus, midgut and 298 hindgut, whereas the oral vaccine up-regulated its transcription in the esophagus, the 299 stomach and hindgut (Fig. 2B) . CK11 transcription significantly increased in all gut 300 segments in response to IPNV (Fig. 2C ), but only in the esophagus, pyloric caeca and 301 hindgut of vaccinated fish (Fig. 2C) . Finally, CK12 mRNA levels increased only in the 302 midgut and hindgut after IPNV infection (Fig. 2D) , and only in the esophagus after oral 303 IPNV vaccination (Fig. 2D) . 304 305
Modulation of chemokine receptors in the different gut segments 306 307
We also studied the transcription of CCR7, CCR9 and CCR9B chemokine 308 receptors, since these receptors are implicated in the recruitment of immune cells to the 309 intestine in mammals (Okada et al., 2002; Wurbel et al., 2007) . IPNV significantly 310 increased CCR7 mRNA levels in all the gut segments except the stomach (Fig. 3A) , 311 whereas the pcDNA-VP2 vaccine only increased CCR7 transcription in the esophagus 312 and the stomach (Fig. 3A) . CCR9, on the other hand, was only significantly up-313 regulated in midgut and hindgut of virus infected fish (Fig. 3B) . In response to the oral 314 DNA vaccine, no significant up-regulations of CCR9 levels were detected, but the 315 vaccine significantly down-modulated CCR9 transcription in the midgut (Fig. 3B) . 316
Finally, IPNV significantly increased the transcription of CCR9B in the midgut (Fig.320 
Modulation of MHC-II and TNF-1 in the different gut segments 321 322
To study whether this modulation of chemokines and chemokine receptors 323 correlated with an increased antigen presentation or with a pro-inflammatory response, 324 the levels of expression of MHC-II and TNF- were also assayed. MHC-II mRNA 325 levels were quite high in all gut segments, and were significantly up-regulated in 326 response to IPNV in the stomach and midgut (Fig. 4A ). When fish were orally 327 vaccinated, MHC-II transcription was only up-regulated in the esophagus and the 328 stomach (Fig. 4B ). In the case of TNF-, IPNV increased its mRNA levels in all gut 329 segments with the exception of the esophagus (Fig. 4B) . Orally-vaccinated fish, on the 330 other hand, had increased TNF- mRNA levels in all gut segments except the pyloric 331 caeca (Fig. 4B) . A summary of the fold increases observed in infected and vaccinated 332 groups in comparison to their corresponding control groups is shown in Fig. 5 for these 333 and all of the other genes studied in this work. 334 (Fig. 6A) , as previously described 344 (Ballesteros et al., 2013) . When fish were infected with IPNV, the number of IgM + in 345 this area increased, while some reactivity was also observed in the apical surface of the 346 enterocytes. In the pyloric caeca region, accordingly with what was published before 347 (Ballesteros et al., 2013) , IgM + cells were detected as IELs (Fig. 6C) . In response to 348 IPNV infection, the number of IgM + cells strongly increased in this area (Fig. 6D) . 349
Finally, in the hindgut / midgut area, IgM + cells were mostly localized in the LP (Fig.  350   6E ), but in this case the number of cells was not consistently different in IPNV-infected 351 fish (Fig. 6F) (Fig. 7A) . When fish were exposed to IPNV, more IgT + cells could be detected (Fig.7B ) 357 in the tissue samples, even though still very few positive cells were present in this 358 segment. In the pyloric caeca region, many more IgT + cells were observed, mainly as 359 IELs (Fig. 7C) . As in the case of IgM + cells, IgT + cells were also mobilized to this area 360 in response to the viral infection (Fig. 7D) . Although numerous IgT + cells could be 361 detected in the midgut/ hindgut region (Fig. 7E) , the numbers were not affected by the 362 infection with IPNV (Fig. 7F) . 363 364
CD3 + cell mobilization in response to IPNV along the digestive tract 365
The presence of CD3 + cells was also evaluated along the digestive tract, using a 367 specific monoclonal antibody against this T cell marker (Boardman et al., 2012) . Only a 368 few scattered CD3 + cells were found in the foregut in either control (Fig. 8A) or 369 infected fish (Fig. 8B) . On the other hand, many CD3 + cells were found in the pyloric 370 caeca region, mostly as IELs (Fig. 8C) . When fish were infected with IPNV, the number 371 of CD3 + cells detected in this region strongly increased (Fig. 8D ). This was also the 372 case for the midgut /hindgut region. The number of CD3 + cells present in control fish 373 (Fig. 8E ) increased in response to IPNV (Fig. 8F) 2011). All of them were significantly regulated in response to both the virus and the 387 DNA vaccine, although important differences were observed in these two groups and 388 among the different segments. These results suggest on one hand that the capacity of the 389 different segments to recruit leukocytes is different; and on the other hand, that the virusand the DNA vaccine trigger different immune mechanisms. It might also be possible 391 that the virus and the vaccine do not replicate the same way in the different segments. 392
Upon oral DNA vaccination with the pcDNA-VP2 plasmid, transcription of VP2 can be 393 detected in all segments, although at significantly higher levels in the first three 394 segments (Ballesteros et al., 2013) . However, when fish are infected with IPNV, viral 395 transcription levels at day 7 were not significantly different among the different gut 396 segments. Therefore, it seems that the epithelial cells in the different segments, mostly 397 responsible for the production of chemokines, are sensing stimuli in different ways 398 along the different segments. These differences between stimuli and among segments 399 were also visible when the transcription of chemokine receptor genes, MHC-II or TNF-400 
